Objective: To review population-based studies of the prevalence and incidence of epilepsy worldwide and use meta-analytic techniques to explore factors that may explain heterogeneity between estimates.
Studies investigating the prevalence and incidence of epilepsy are increasingly common, particularly in low-and middle-income countries. Estimates of the prevalence and incidence of epilepsy worldwide vary considerably, likely reflecting differences in measurement and reporting, along with clinical characteristics such as etiology and seizure type. Previous systematic reviews of the prevalence of epilepsy focused on specific regions (China, 5 Europe, 6 Latin America, 7 and Arab countries 8 ) and prior reviews on the incidence of epilepsy did not use meta-analyses to explore associated factors. 9, 10 Few of these studies explored potential sources of heterogeneity between estimates or they examined both prevalence and incidence globally.
Our aim was to estimate the prevalence and incidence of epilepsy from international studies, and to quantify the burden of epilepsy using meta-analytic techniques. We also explore the sources of heterogeneity between estimates, assessing factors such as age, sex, country income level, epilepsy syndrome, seizure type, epilepsy etiology, and study quality.
METHODS Search strategy. The systematic review was conducted according to a predetermined protocol and adhered to the Preferred Reporting Items for Systematic review and Meta-Analysis. 11 The search strategy (appendix e-1 at Neurology.org) was developed by experts in epilepsy and epidemiology and an academic research librarian (D.L.L.). Search terms included prevalence, incidence, and epidemiology in conjunction with epilepsy, seizure, and convulsion. The search was conducted from 1985 to October 22, 2013 , in MEDLINE and EMBASE. Articles in English or French were included. The reference lists of included articles were also hand searched. References were managed using EndNote X5. 12 Study selection. Abstracts and titles of all references were screened in duplicate by 2 independent reviewers to identify original, population-based studies on the prevalence or incidence of epilepsy. Two independent reviewers screened the full-text articles of abstracts identified in the first stage of review. Articles were included if they met the following criteria: (1) original research, (2) population-based (selecting the entire population or using probability-based sampling methods), (3) reported a prevalence or incidence of epilepsy (or raw numbers that allowed the calculation of an estimate). Disagreements pertaining to the inclusion of articles were resolved by consensus or involvement of a third author as necessary.
Data extraction and study quality. Data abstraction was completed in duplicate by 2 independent reviewers using a standardized data collection form. When multiple articles reporting data from the same study population were identified, the most comprehensive data were used. When studies reported on different data collection years or subgroups (sex, age), all nonoverlapping data were included. Age, sex, study location, sources of ascertainment, and definitions/diagnostic criteria for epilepsy were extracted. Epilepsy prevalence or incidence estimates, raw numbers, and confidence intervals (CIs) (when provided) were recorded along with any stratified results by age, sex, or year of data collection.
The quality of included studies was evaluated using standard assessment tools 13, 14 (appendix e-2), and included sample representativeness, condition assessment, and statistical methods. Each study was given a quality score of 0 to 8 based on fulfillment of the quality criteria.
Data synthesis and analysis. Prevalence estimates were divided into 2 groups: point prevalence and annual period prevalence. Point prevalence is the number of existing cases of epilepsy in a population, over the total population at one specific point in time (e.g., on June 30, 2013). Period prevalence includes both existing and new cases of epilepsy in a population over the total population over a defined period of time (e.g., between January 1 and December 31, 2013).
Estimates of prevalence were additionally categorized into 2 mutually exclusive groups based on the definitions provided within individual articles: active and lifetime. Lifetime prevalence was conceptualized differently than active epilepsy prevalence, as it can be considered a type of period prevalence, conditional on survival, where the period is the time between birth and assessment. We reported on the point prevalence of active epilepsy, the annual period prevalence of active epilepsy, and the lifetime prevalence of epilepsy. These different categories take into account (1) the clinical differences of those with active vs inactive epilepsy and (2) how the time period of assessment may influence reported estimates.
Incidence estimates were stratified into cumulative incidence and incidence rate. Cumulative incidence is the number of new cases of epilepsy over the total number of people in the population at risk for developing epilepsy during a specified period of time (e.g., 64.90 persons with epilepsy per 100,000 persons during 1 year). We used the following formula to calculate annual cumulative incidence based on estimates provided in the articles: cumulative incidence n years 5 1 2 exp (2 annual rate 3 n). The incidence rate of epilepsy is the number of new cases of epilepsy over the total amount of person-time at risk for developing epilepsy during a specified period of time (e.g., 68.40 persons with epilepsy per 100,000 person-years). In both cases the numerator is the number of new cases, while the denominator will differ as the incidence rate also incorporates time as a unit.
Seizure type and epilepsy etiology were categorized according to the most recent International League Against Epilepsy classification 15 ; these subgroup analyses were only available for estimates of active point prevalence of epilepsy. Country income level was dichotomized into low-middle and high based on the World Bank's classification. 16 Age was stratified into 2 broad groups for age-specific analysis: (1) those younger than 18 years and those 18 years and older and (2) in 10-year groups: 0-9, 10-19, 20-29, 30-39, 40-49, 50-59, and 60 and above, if available, and using only studies that reported on all 7 categories.
Studies were included in the meta-analysis if they reported the number of cases and sample denominator, the estimate with 95% CI, or the information with which to calculate the estimated prevalence or incidence. Age, sex, country income level, seizure type, and epilepsy etiology were examined categorically. Only estimates that included persons of all ages were included in the pooled analyses (except for age-specific analyses). The association of age, sex, country income level, and study quality with prevalence and incidence estimates was assessed using meta-regression if there were 2 studies or more per grouping. Boxplots assessed the presence of outliers (defined as an estimate more than 1.5 times the interquartile range beyond the first [p25] or third [p75] quartiles). 17 We reported overall median prevalence or incidence and accompanying first and third quartiles (p25-p75).
The I 2 was used to quantify the magnitude of between-study heterogeneity and the Cochrane Q statistic was calculated to determine significance. A priori, we decided to report the pooled, weighted estimate generated by random effects models, because we hypothesized a high degree of between-study heterogeneity. Publication bias was investigated visually using funnel plots and statistically using Begg 18 and Egger 19 tests. R version 2.14 was used for all meta-analyses and metaregressions. 20 The meta package was used to generate the forest plots, pooled estimates, and to assess for publication bias. 21 Meta-regression using restricted maximum likelihood estimation was conducted using the metafor package. 22 Boxplots were generated using STATA v12.1. 23 A p value ,0.05 was deemed statistically significant.
RESULTS Identification and description of studies.
The search strategy yielded a total of 16,479 abstracts: 8,798 from MEDLINE and 7,681 from EMBASE (figure 1). We screened 13,305 unique abstracts and 470 articles met the criteria for full-text review, of which 248 were excluded. Hand searching did not contribute additional articles. A total of 197 articles reported on prevalence of epilepsy, 48 on incidence, and 24 on both (tables e-1 and e-2, and appendix e-3 for reference list).
Prevalence of active epilepsy. Seventy-three studies reported on the point prevalence of active epilepsy and of those, 67 estimates (63 unique studies) were eligible for inclusion in the meta-analysis. The pooled point prevalence of active epilepsy was 6.38 per 1,000 persons (95% CI 5.57-7.30) ( 27 Twelve studies reported on the annual period prevalence of active epilepsy, and 11 were eligible for inclusion in the meta-analysis. The pooled annual period prevalence of active epilepsy was 2.83 per 1,000 persons (95% CI 1.53-5.26) (table 1, figure 2 ). Heterogeneity existed between estimates (I 2 5 100%, Q p value ,0.0001). The median annual period prevalence of active epilepsy was 3.91 per 1,000 persons (p25-p75, 1.14-5.15). One outlier from Tanzania (13.56 per 1,000 persons [95% CI 10.68-17.21]) was identified. 28 Lifetime prevalence of epilepsy. Sixty-seven studies reported on the lifetime prevalence of epilepsy, and 56 were eligible for inclusion in the meta-analysis. The pooled lifetime prevalence of epilepsy was 7.60 per 1,000 persons (95% CI 6.17-9.38) ( 30 Cumulative incidence of epilepsy. Thirty-one studies reported on the cumulative incidence of epilepsy, 14 of which were included in the meta-analysis. The pooled annual cumulative incidence of epilepsy was 67.77 Figure 1 Study flow diagram *Incidence and prevalence studies equal greater than 222 because 24 articles reported both incidence and prevalence.
per 100,000 persons (95% CI 56.69-81.03). Heterogeneity existed between estimates (I 2 5 95.6%, Q p value ,0.0001) (table 2, figure 3A) .
The median cumulative incidence of epilepsy was 65.61 per 100,000 persons (p25-p75, 48.00-81.00), and there was one outlier from Andean Ecuador (189.96 per 100,000 persons [95% CI 160.70-224.55]). 31 Incidence rate of epilepsy. Nineteen studies reported on the incidence rate of epilepsy, 13 of which were included in the meta-analysis. The pooled incidence rate of epilepsy was 61.44 per 100,000 person-years (95% CI 50.75-74.38). Heterogeneity existed between estimates (I 2 5 98.6%, Q p value ,0.0001) (table 2, figure 3B ). The median incidence rate of epilepsy was 56.79 per 100,000 person-years (p25-p75, 46.00-76.89), and there were 3 outliers (in the Assiut Governorate in Egypt, 32 Chile, 33 and West Uganda 34 ).
Sources of heterogeneity. Estimates of the prevalence and incidence of epilepsy by sex, age, country income level, and prevalence by seizure type and epilepsy etiology are presented in appendix e-4 and figures e-3 (pooled point prevalence of epilepsy in 10-year age groups), e-4 (active point prevalence of epilepsy by country income level), e-5 (active period prevalence of epilepsy by country income level), e-6 (lifetime prevalence of epilepsy by country income level), e-7 (cumulative incidence of epilepsy by country income level), and e-8 (incidence rate of epilepsy by country income level).
Publication bias. There was no evidence of publication bias for any of the estimates of prevalence and incidence using visual inspection of funnel plots or Begg or Egger test (all p . 0.05).
Study quality. The median study quality score was 6/8 (range 2-8) for the prevalence of epilepsy and 7/8 for studies of incidence (range 4-8) (tables e-3 and e-4). Meta-regression found no effect of study quality on the estimates of epilepsy prevalence or incidence, all p . 0.05.
DISCUSSION This systematic review and metaanalysis of international studies on the prevalence and incidence of epilepsy used subgroups analyses to examine the relationship among socioeconomic, demographic, and clinical factors that may influence the prevalence and incidence of epilepsy. Age has commonly been associated with the prevalence and incidence of epilepsy. Congruent with previous descriptive reports, 35 we found that the incidence of epilepsy was generally higher in the youngest and oldest age groups; however, there were insufficient studies to perform a meta-analysis. The trend in the point prevalence of active epilepsy by 10-year age groups is consistent with previous reports. 35 Prevalence is expectedly lowest early in life, increasing to its highest level during adolescence and early adulthood, decreases after age 30, and remains fairly constant for the remainder of life. The number of studies included in this pooled analysis was limited by the reporting of common age groupings in individual studies; only 12 of 63 eligible studies used common age groups, and analysis by 10-year age groups was not possible for estimates of incidence due to the small number of studies. The prevalence of epilepsy was slightly higher in studies of persons over the age of 18 compared to those under 18, while the reverse was true for the incidence of epilepsy. This finding is consistent with previous studies of the epidemiology of epilepsy in Europe. 6 Elevated mortality could prevent the lifetime prevalence of epilepsy from increasing significantly with age (particularly in older age groups) when the incidence of epilepsy is not zero, as is the case here.
Sex, while not commonly thought to affect the occurrence of epilepsy, may contribute to differences in epilepsy incidence. 35 The incidence of epilepsy tended to be higher in males than females. Some suggest that females may be more likely to conceal their epilepsy diagnosis if they live in a country where they would be considered unmarriageable or socially marginalized. 35, 36 There was no difference between high and lowmiddle income countries for the point prevalence of active epilepsy or cumulative incidence. However, the active annual period prevalence was significantly Figure 2 Active period prevalence of epilepsy *Study numbers correspond to references in appendix e-3. CI 5 confidence interval. higher in low-middle income countries. Interestingly, more low-middle income countries (14/50; 28%) reported an active point prevalence of greater than 10 per 1,000 persons, compared to high-income countries (2/13; 15%). The incidence rate of epilepsy was also higher in low-middle income countries compared to high-middle income countries, which is corroborated by others. 10 This trend was reversed for estimates of cumulative incidence. Factors such as premature mortality, etiology (e.g., CNS infections), variations in treatment, and study methodology (e.g., case ascertainment and case definition) may differ between high and low-middle income countries, 37 which may partially explain our results. Regardless, the higher estimates in low-and middle-income countries are noteworthy from a public health standpoint as these low resource areas are also those with the highest treatment gap. 38 Single pooled estimates of prevalence and incidence should be interpreted with caution, given the amount of heterogeneity between studies. Given this heterogeneity, we present median estimates along with the pooled estimates. Though we explored a number of factors that may partially explain high levels of heterogeneity, including age, sex, and country income level, we were unable to employ a single model to account for these factors together. A number of studies with high prevalence and incidence were identified as outliers (all from Latin America, Africa, or the Middle East), which may further influence heterogeneity. The authors of these studies commonly hypothesize that the presence of CNS infections or antibodies (e.g., neurocysticercosis, cysticercosis antibody), 25, [27] [28] [29] [30] consanguinity or family history of epilepsy, [24] [25] [26] 29 and perinatal/prenatal risk factors [28] [29] [30] may explain the higher prevalence and incidence.
The current study pooled over 124 million persons and over 655,000 persons with epilepsy, and used meta-regression to statistically examine the effect of many sources of heterogeneity. However, our study is not without limitations. There was heterogeneity between estimates of prevalence and incidence, which could be due to variable sampling methods, case ascertainment, and diagnostic methods. The quality of the included studies varied and some studies provided little information on sampling and data collection methodologies, though study quality was not associated with prevalence and incidence estimates. It was also impossible to conduct meta-analyses between some groups due to a smaller number of studies assessing those factors (e.g., under vs over age 65 years). Ideally, a multivariable metaregression would have been employed to deal with the possible confounding effects of variables such as age and location, though this would have required a very large number of studies, and as such only stratified estimates are provided. Our finding that the annual period prevalence of epilepsy was lower than the point prevalence was unexpected and should be interpreted with caution. This finding was likely due to the large amount of heterogeneity (.99% for prevalence studies) that existed between these 2 groups of studies.
This systematic review and meta-analysis presents information on the burden of epilepsy from international studies. The focus on population-based studies allows for the results to be more applicable to primary care settings, where much of epilepsy care is provided. Few studies reported on the prevalence and incidence of epilepsy by seizure type or etiology, and there were surprisingly no studies from high-income regions such as Australia that were identified or met our eligibility criteria. These are considerable gaps that must be addressed in future work. The possible effect of stigma and cultural differences in epilepsy reporting (or in seeking medical attention) also needs to be explored in future studies as it may explain some of the lower estimates reported in certain regions, where the burden of epilepsy would be expected to be much higher. Methodologic factors contributing to study heterogeneity should also be explored, including data collection methods, sources of case ascertainment, and criteria used for assessment. Future epilepsy epidemiologic studies should consider following the Standards of Reporting of Neurological Disorders checklist 39 and published Standards for Epidemiologic Studies and Surveillance of Epilepsy 40 to enhance the quality of reporting of such studies and decrease the heterogeneity between studies to facilitate international comparisons.
